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@ Vectors for the cloning and expression of heterologous genesinyeast and theyeast strains transformed by said vectors.

@ Vectors for the cloning and expression of heterologous
genass in yeast, said vectors being characteristic in that they
contain at least: the entire DNA of the pkD1 plasmid (isolated
from Kluyveromyces drosophilarum) or a part of the same,
as well as a DNA segment bearing any heterologous gene
and the sequence necessary for the expression of said gene.

The high stability of yeasts transformed by said vectors
allows their utilization on an industrial scale in various
biotechnological fields.
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Vectors for the cloning and expression of heterologous genes in

yeast and the yeast strains transformed by said vectors.

The present invention concerns some cloning and expression
vectors for heterologous genes in yeasts as well as the yeast strains
transformed by said vectors.

In more detail, the present invéntion concerns vectors for.
the transformation of yeasts, in which vectors the entire nucleotide
seqﬁence of the pKD1 plasmid of Kluyveromyces drosophilarum or a part
of the same is present. Moreover, the present invention concemsspeci-
fically yeasts of the Kluyveromyces genus transformed by said vectors.

As is well known, the transformation of yeasts up to the pre-
sent time has been limited to certain species because of the poor avai-
lability of the yeast plasmids that are required for the construction
of transformation vectors (Gunge, N., Ann. Rev. Microbiol. 37, 253-276.
(1983); Toh-e, A., Tada, S. and Oshima, Y., J. Bacteriol. 151, 1380-
1390 (1982); Toh-e, A., Araki, H., Utatsu, I., and Oshima, Y., J. Gen.
Microbiol. 130, 2527-2534 (1984). )

"The %P plasmid isolated from Saccharomyces cerevisiae has been,

up to the present time, the only piasmid successfully employed for
the transformation‘of'said S. cerevisiae. However, vectors derived
from the ZP plasmid have shown a low transformation efficiency and/
or a limited ability to replicate stably in yeasts other than Saccha-
romyces cerevisiae.

| Accordingly, it was quite evident'that plasmids for the con-
struction of vectors suitable for the transformation of other yeasts

were needed, especially for yeasts of- industrial importance, includ-

‘ing, for example, those belonging to the genus Kluyveromyces.

However, all attempts to date to satisfy this necéssity have
not been very effective. '
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More specifically, two vectors'have been used for the trans-
formation of Kluyveromyces lactis: one contained a chromosomal DNA
segment of K. lactis (Das, S. and Hollenberg, C.P., Current Genetics

6 123-128 (1982), and the other was derived from the linear plasmid

pGK1, also isolated from K. lactis (L. de Louvencourt, H. Fukuhara,

H. Heslot, M. Wesolowski, French patent application No. 8209564 of

ELF Biorecherche; L. de Louvencourt et al., J. Bacteriol. 154, 737-
742 (1982».

It is important to point out that, although both of the
vectors mentioned above contain nucleotide sequences of K. lactis that
allow their replication in this yeast, the efficiency and/or the sta-
bility with which transformed clones are obtained is quite low.

Accordingly, an object of the present invention is the product-
jon of cloning and expression vectors for yeasts, in particular for
the genus Kluyveromyces, which have improved transformation efficien-
cy and which show a higher stability ih the transformed cells.

Now it has been surprisingly found, according'to the present
invention, tﬁat thistiﬂectcan be attained by using as an essential
part of the transformation vectors, a plasmid discovered in a strain

of the yeast Kluyveromyces drosophilarum, in the course of a research

project on new plasmids carried out by C. Falcone, L. Frontali and
H. Fukuhara (the inventors designated for the present patent appli-
cation). |
- The plasmid dealt with herein consists of a circular du-

plex DNA molecule of 1.6 micron circumference, which was found in the
UCD 51-130 Kluyveromyces drosophilarum strain (U.C.D. Collection, Uni-
versity of California, Davis; CA 95616). .

Said plasmid, which is called pKDi, is present in the cells
in a high copy number (70-100 per cell) and it is easily separable
from the chromosomal DNA by employing standard procedures.
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The complete nucleotide sequence of pKD1 has been determined,
and so the exact size of the plasmid (4757 base pairs) is known. In ad-
dition, the analysis of the sequence confirmed the data previous}y ob-
tained through DNA-DNA hYbridization concerning the substantial diffe-
rence in primary structure between this plasmid and the %P and pGK1
plasmid.
 The plasmid exists inside the same cell in two interchange-

able molecular forms called A and B, which are present in equal amounts
and differ from one another by the orientation of a central segment of
2.15 kilobases that, in Figure 1 enclosed herein, is comprised between
two vertical dashed lines. Figure 1 shows the localization of the sites
for numerous restriction enzymes (such location referring to the A and
B forms of pKD1 when drawn as linear molecules), such enzymes being in-
dicated in the left margin of said figure. The scale shown in the hori-
zontal direction points out the distance in kilobases (kb) between these
sites on the plasmid. Numbers shown inside the segments indicate their
respective lengths in base pairs. The astérisks point out those fragments
whose localization is uncertain. |

The analysis of the sequence showed the presence in this
plasmid of a DNA segment of 346 base pairs wﬁich was found aééin, iden-
tical in sequence but with inverted orientation, at é distance of§ 2136
nucleotides.

This inverted and repeated (TR) sequence is likely to be fun-
damental in the mechanism of interconversion between the A and B forms
pf pKD1, in analogy with what has been observed with the ?P plasmid of

S. cerevisaiae.
Frdm the nucleotide sequence of the plasmid pkD{ the presence
of three possible genes, called A, B and C, was deduced (with respect-
ive lengths of 1341, 1245 and 636 nucleotides); these genes, based on
sequence homologies and preliminary studies on their functions, seem

to be analogous, respectively, to the FLP, Rep 1 and Rep 2 genes that
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are present in the 2u plasnid (Broach, J.R., Cell 28, 203-204 (1982)).

The pKD1 plasmid can be advantageously employed for the con-
struction of cloning and expressibn vectors in yeasts, primarily be-
cause its circular form allows simple manipulations. Moreover, this
plasmid'éontains numerous unique sites for restriction enzymes, such
as EcoRI, Clal and Pstl, and this feature is also particularly.advan-
tageous for the insertion of heterologous genes and for the construct-
ion of fecombinant'vectors; _

- The presence of the pKD1 plasmid and of the vectors derived
from the same in the cell at a high copy number is a further advantage,’
because it allows an amplification of the inserted heterologous gene.

Moreover,‘it is advantageous that neither the integrity nor
the continuity of the-sequence of the pKD1 plasmid is needed for the
construction of vectors according to the present invention. Indeed,
it is possible to insert the gene to be cloned into one of the unique
restriction sites so interrupting the pkD1 ;equenée, or to use just a
segment containing the replication origin of this plasmid for the
objects of the present invention. .

) The specific object of the present invention consists in the
construction of cloning and expression vectors for heterologous genes

in yeasts, such vectors containing at least: all or part of the DNA

of the pKD1 plasmid (isolated fron Kluyveromyces drosophilarum) and a
DNA segment bearing any heterologous gene, including»the sequences that
insure the expression of said gene. _ A
When the entire DNA of the pKD1 plasmid is employed, it is pre-
ferable that the gene to be cloned be inserted into one of the uniqne re~
striction sites, in particular into the PstlI site.
Among the genes that are mest suitable fok cloning, the URA3
gene of S. cerevisiae- is in particular worth considering, preferably
as a part of the YIP5 plasmid, which consists of the sequence of the

pBR322 plasmid of Escherichia coli and, in addition, of the sequence:
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of this URA3 gene. e
In another preferred form of the present invention, the vector
contains the 1.7 Kb segment of DNA of the pKD1 plasmid obtained with the
enzyme BamHI, inserted into the unique BamHI site of the YIP5 plasmid.
| The present invention also relates to yeasts transformed by the
above-mentioned vectors and, particulariy but not exclusively, to the
strains of the genus Kluyveromyces and more specifically to the genus '
Kluyveromyces lactis. ' o
It is interesting to note that yeasts transformed according
to the present invention can be advantageously exploited for the pro-
duction of the protein coded by the heterologous gene inserted into
the vector. Such yeasts can be, for example, of remarkable importance
in the foodstuff f1e1d (the productlon of amylase, rennin, pectinase
and so on) or in the pharmacgutlcal field (insulin, interferon.and so on).
In additon, such transformed yéasts can constitute iﬁ themsel-
ves integrating products for the feeding of.animals'or livéstock (bio-
mass). o
_For the sake of discussion, and for illustrative but not limi-
tative purposes, the use of the inygntion for the cloning and expression
of the URA3 gene of Saccharomyceélcerevisiae in a uraA IStrain of Kluy- )
veromycés lactis will be con§id§red..The uraA strain is normallw unable
to grow in uraci}-free mediuﬁ. Ihe_pRAB gene that is'pre;ent in vectors

derived from the pKD1 plasmid was.shown to be expressed in the host cell
and such cells were shown to be able to grow in uracil-free mediums.

This shows that the orotidine-monophosphate decarboxylade protein encod-

ed by the URA3 gene of S. cerevisiae is effectively synthesized by K. lactis.

In the following discussion reference will be made to Figures
2 and 3 of the enclosed drawings wherein:

Figure 2a shows schematically the structure of the B form of
the pkD1 plasmid; ’ '
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Figure 2b shows the YIPS plasmid;
Figure 2c shows the P1 vector according to the present invent-
ion; and
Figure 3 shows the A15 vector according to a further embodiment
of the present invention.
The construction of vectors derived from the pKD1 plasmid that

contain the URA3 gene.

The isolation and purification of the pkDi plasmid

The plasmid DNA was pepared from the protoplasts obtained from
2 } of a culture of K. drosophilarum. Nucleic acids obtained after lysis
of the protopIastS were resuspended in 40 ml of a solution containing
50 mM Tris-HCl, 5mM EDTA, pH 8.0. 40 g of CsCl and 4 ml of ethidium bro-
mide (10 mQ/ml in 50 mM Tris-HCl, pH 8.5) were added to the DNA-contain-
ing solution which was then centrifuged at 38,000 rpm in a Beckman 50 Ti
rotor for 40 hours at 15°C. The DNA was visualized with U.V. light and
the lower band, corresponding to the plasmid DNA, was recovered from the
gradient and purified a second time according to the procedure described
above.
pKD1-derived vectors

Now reference will be made in a specific way to Figure 2a in
which pKD1 is shown in the circular closed form with the inverted and re-
beated (TR) sequences paired to one another. The zones shown in black in-
dicate the localization of the main genes present in the plasmid. In ad-
- dition, the positions of the most important restriction sites for the clon-
ing and manipulation of the plasmid, are shown.

In this figure the B form of plasmid is shown. The form differs
from the B form by the orientation of the circle on which the gene B is
" localized, as already detailed above.

For the constnctim of recombinant plasmids, pr1 was first 1li-
nearized at the.unique Pstl site. At thé same time, YIP5, which is a re-
combinant plasmid contéining sequences of the URA3 gene of Saccharomyces
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‘cerevisiae and of the bacterial plasnid pBR322 was also linearized at the

PSTI site. The structure of YIP5 is shown in Figure 2b, in which the se-
quences of the URA3 gene of S. cerevisiae are shown in black, and the
sequences of the bacterial plasmld pBR322 are shown in white, with. the
genes that are responsible for the re51stance to amp1c1111n (Amp) and te-
tracycline (Tet). Furthermore, the p051tun of some unique restriction si-

tes used for cloning are shown.

The two linearlzed molecules were joined at the common Pstl site
by DNA ligase according'to'a well-known standard procedure.

The plasmid obtaihed by this ligation thus contains the entire
pKD1 sequence, the URA3 gene and the pBR322 sequence. The latter sequence

uas introduced with the aim of amplifying the constructed vectors in the

bacterium Escherichia coli.

The ligation react;oh mixfure was added directly to a suspens-
ion of E.coli cells of.the.sira;n RR1, which had been made competent for
transformation after treatmeht'with calcium chloride

The cell suspen51on was plated on a solid tetracycline—conta1n-
ing complete medium. Among the thousands of colonies obtained (which, the-
refore, were tetracycline-reszstant) a number of colonies that were un-
able to grow on an ampic{llin;containing medium were selected. These co-
lonies (tetracycline-resistant and ampicillin;sensitive), which repre-
sented a fraction of about 10%, were examined individually for the nature
of the plasmid they contained. '

It was found thatabout half of such colonles contained a recomb1-

nant plasmld having the desired structure, as shown in Figure 2c wherein
the PI vector is shown. Symbols employed are the same as those adopted in
Figures 2a and 2b.

With this procedure another vector was also constructed, called
P3, which differs from P1 by the fact that it contains the A form of

-pKD1.

The A1S plasmid is another recombinant molecule derived from
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pkD1. The latter was digested with thé restriction enzyme by BamHI and a
fragment of 1700 base pairs was isolated. This fragment was then mixed
with the Iinearized molecule of YIPS, which had ben cut at its unique BamHl
site. After ligation and amplification in E.coli, as described above, a
clone was selected that shows resistance to ampicillin and sentitivity
to tetracycline. A recombinant plasmid was isolated from this clone,
and the plasmid contained, as expected, the BamHI fragment of pKD1,
the URA3 gene and the sequence of pBR322.
.~ In Figure 3, which relates to the construction of the A15 vec-
tor, the insertion point of the 1.7 Kb BamHI fragment (in black) of pKD1
in the YIPS plasmid is shown., Symbols adopted are the same as those em-
ployed in the preceding figures. ’
The vectors constructed as discussed above using pKDi, the
URA3 gene and the sequences of pBR322 that allow replication in E.coli,
were purifiéd from the clones of E.coli previously described and then

used for the transformation of a uraA strain of Kluyveromyces lactis.
Transformation of Kluyveromyces lactis ' ’

Previous studies had shown that the uraA mutation of K.lactis
could be complemenﬁed by the URA3 gene of S.cerevisiae (L. de Louvencourt
et al., J. Bacteriol. 154, 737-742 (1982)). Thefefore, a strain of K.lactis
containing this mutation was used to verify the transformation with hybrid
plasmids consisting of - pKD1 sequences and the URA3 gene. .

The strain MW98-8C (a, urah, arg, lys, K", R"), isolated in the
Orsay laboratory from the CBS 2359 straiﬁ of K.lactis, was grown in liq-
uid medium containing 2% glucose, 1% yeast extract and 1% bactopeptone,
for 18 hours at 28°C in a shaker bath.

The cells, in the phase of exponential growth, were converted into
protoplasts according to a standard procedure.

The protoplasts were resuspended in STC buffer (1 M sorbitol, 10

.M CaCIZ, 10 mM Tris-HC1, "pH 7.5) at a concentration of about 10g per ml.

An aliquot of this suspension, usually 0.1 ml, was then mixed with 0.2-
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0.5 ug of the P1, P3 and A15 vectors deseribed in the present invention
and of the control plasmids.

After 10 minutes, the suspension was heated to 42°C for 2 mi-

nutes and then mixed with one volume of polyéthylene glycol 4000. After
a further period of 10 minutes at room temperature, the suspension was
centrifuged and the spheroplasts were washed and resuspended in SOS buff-
er (100 ml of the latter contain: 50 ml of 2 M-sorbitol, 33.5 ml of YEP
medium, 0.65 ml of 1M CaC12, 135 Fl of 1% uracil and 15 ml of water).

0.1 ml aliquots of the spheroplast suspension were added to 4 ml
of W medium (which was kept liquid at 45°C and contained the supplements
that complemented the auxotrophies other than uracil) and then poured onto
Petri dishes containing solid W medium.

The growth of colonxes was observed after 3-4 days incubation at

28°C. -~

Table 1, below, shows the number and the stability of the trans-
formation experiments of the Kluyveromyces lactis MW98-8C strain by the
vectors derived from the pKD1 plasmid.

_ TABLE 1
Vector Number of)ura trans- Stabilitﬂ)of the trans-
formants formants
P1 ~ 9800 18
P3 16300 .30
A5 " 6700 3.6
YIPS5 - 0 -

- a) The number of transformants is the average value obtained in

2-3 experiments in which 0. 2-0.5 9 of plasmid DNA was used.

b) Stability is expressed as the percentage of ura colonies ob-
tained after six generations in nonselective medium.

Only those protoplasts to which a pKD1 sequence-contaxnlng plasmid
vas added gave rise to the formation of colonies that are therefore ura’.
In the case of YIP5, which does not contain -any pKD1 sequences, colonies -
were observed only after addition of uracil to the growth medium.
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DNA was extracted from some colonies transformed with pKDi-derived
yectors, and the presence of a plasmid whose restriction map was identi-
cal to the map of the plasmid used for the transformation was observed.

As can be observed in the Table, the pKD1 DNA fragment contain-
ed in A15 is sufficient in itself to promote the replication of the
recombinant vector. Other vectors not containing this pKD1 region are unable
to transform Kluyveromyces lactis. However, the efficiency of transfor-
mation of the A15 vector and the stability of the resulting transformants
are lower than those observed with the other vectors. This suggests that
the A15 vector lacks.some pKD1 sequences that could have an important role
in plasmid maintenance.

| The stability of the transformants obtained with the P1 and P3
vectors, which contain the entire pKD1 plasmid, is by far the highest
observed to date in the transformation of Kluyveromyces. _

This is highly advantageous for industrial applications involving
yeasts transformed by these vectors. L '

The present invention has been discussed with particular reference
to some specific aspects, but it is to be understood that modifications
and changes can be introduced by those who are skilled in this field
without departing from the spirit and scope of the invention
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_ CLAIMS

1. Cloning and expression vectors for heterologous genes in yeasts,
such vehicles being characterized in that they contain at least: the entire
DNA of the pKD1 plasmid (isolated from Kluyveromyces drosophilarum) or a
part thereof, and a DNA segment bearing any heterologous gene, including
sequences that insure the expression of said gene.

2. A vector according to the claim 1 wherein said heterologous
gene is inserted into one of the unique restriction sites of said pKD1
plasmid.. . |

3. A vector according to claim 2 wherein said unique restriction
site is the Pstl site.

4. A vector according to claims 1-3 wherein said heterologous
gene is the URA3 gene of Saccharomyces cerevisiae.

5. A vector according to claim 4 wherein said DNA segment bearing
said URA3 gene is DNA of the YIPS plasmid.

. 6. A vector according to claim § containing the DNA fragment of '
1.7 kilobases length of said pKD1 plasmid, said fragment being obtained'
with the enzyme BamHI, and being inserted at the unique BamHI site of
said YIPS plasmid. '

7. Yéasts transfor&ed by the vectors described in claims 1~§.

8. Yeasts according to claim 7 belonging to the genus Kluyvero-
myces. '

9. Yeasts according to claim 8 belonging to the species Kluyvero-
myces lactis.
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